Average Nucleotide Identity (ANI)

Introduction

Average Nucleotide Identity (ANI) is a measure of nucleotide-level genomic similarity
between the coding regions of two genomes. First, BBHs between a genome pair are
computed as pairwise bidirectional best nSimScan hits of genes having 70% or more
identity and at least 70% coverage of the shorter gene.

Alignment Fraction (AF) is computed using to the following formula:

AF — lengths of BBH genes

G2 2 length of genes in genome 1

Average Nucleotide Identity (ANI) is computed using the following formula:

Z(Percen’[ Identity * Alignment length )
gAN| — bt > e °

G1=+G2 lengths of BBH genes




Pairwise ANI

BBHs between a genome pair are computed as pairwise bidirectional best nSimScan
hits of genes having 70% or more identity and at least 70% coverage of the shorter
gene. Genome(s) can either be selected from IMG or uploaded as a nucleotide
sequence in FASTA format (using the Upload File button) to compute ANI to selected
genome(s) in IMG.

Pairwise AN| @ & O

BBHs between a genome pair are computed as pairwise bidirectional best nSimScan hits of genes having 70% or more identity
and at least 70% coverage of the shorter gene. You may either select genome(s) from IMG or you may upload a nucleotide
sequence in FASTA format (using the Upload File button) to compute ANI to selected genome(s) in IMG

Please select up to 100 genomes:
Note: This limit is lower for private genomes that do not get precomputed for the computation is then on demand.

Quick Search: [<enter a genome name to search> Selected Genomes @
Sequencing Status Domain pawise 1
Finished - ¥ || Archaea ¥
® List Tree | Show 7]
Search for: |<click show, then enter a genome name to search=

Add || Upload Sets || Remove || Upload File |

Pairwise 2:

_Add || Upload Sets || Remove |

ANI

Figure 1. ANI Pairwise

Pairwise ANI is precomputed for most genomes. Private genomes and newly added
genomes will be precomputed on-demand which will slow down the computation (Fig.
1b).



Pairwise ANI @ \O
Filter column:| Genomel ID v | Filter[text v |0 _' [ Aeoy | @
Page 1of 1 1 [an ¥
Column Selector
Genomel ID - Genomel Name Genome2 ID Genome2 Name ANIL->2 ANIZ-=1 AF1->2 AF2->1 Total BBH Precomputed ?
Desulfurococcus Desulfurococcus
6543348540  kamchatkensis 2513020047  fermentans Z- 96.72 96.72 0.920 0.890 1305 | Yes
1221n 1312, DSM 16532
Desulfurococcus Desulfurococcus
643348540  kamchatkensis 649633040 = mucosus 07/1 T3.26 73.26 0.610 0.610 B30  Yes
1221n DSM 2162
Desuflurococcus Euryarchaeota g
5 ry: .
643348540  kamchatkensis 2588253527 66.58 66.58 0.000 0.000 17 | No
1221n enome BIN4
Desulfurococcus %ﬁ:;bﬁ
643348540  kamchatkensis 646564534 = DaECUS 73.26 73.64 0.010 0.000 26  No
1991n AEDII1Z2DO, DSM
= 10642
%ﬂ?& Desulfurococcus
646564534  DACLS 2513020047 | fermentans 7- 72.66 72.44 0.000 0.010 28 No
AEDI12DO, DSM 1312, DSM 16532
10642
%ﬂgb& Desuliurococcus
646564534 ALEDMHDO DSM 643348540 I](;;‘If:alkenms 73.83 73.26 0.000 0.010 28  No
10642 .
%ﬂgb& Desulfurococcus
646564534 fpacidus 649633040 = mucosus 07/1 71.48 71.56 0.010 0.010 22 MNo
AEDII12DO, DSM
10642 DSM 2162

Figure 1b. Pairwise ANI - results




Same Species Plot

Same Species Pairwise
Please select no more than 100 species to analyze using pairwise AN
Please note that it may not be possible to display the plot for species that have more than 200 genomes.
Plot Same Species Pairwise Clear All
Filter column: | Domain ¥ | Filter |text [ |E| e
Page 1 of 18 : 1234|567 8|9|10 next>last>> |100 ¥
Column Selectar | | Select Page | | Deselect Page
Represented
Select =~ Domain - Species Number of Genomes Number of Cliques. Cligue Type(s)
A Acidiplasma aeolicum 3 cligue, singleton
A Archaeoglobus fulgidus 3 1  clique
A Haladaptatus paucihalophilus 4 1 cligue
A Halalkalicoccus jeotgali 3 1 | clique
A Halanaeroarchaeum sulfurireducens 3 i cligue
A Haloarcula californiae 2 1 | clique
A Haloarcula hispanica 2 1 | cligue
A Haloarcula sinaiiensis 2 1 | clique
A Haloarcula vallismortis 3 1 | clique
A Halobacterium salinarum i} 5  cligue, singleton
A Halobiforma lacisalsi 2 1 | clique
A Halococcus hamelinensis 2 1 cligue
A Haloferax alexandrinus > 2 | clique
A Haloferax denitrificans 2 i 5 clique
A Haloferax gibboensii 2 2 | clique, singleton
A Haloferax larsenii P 1 | clique
A Haloferax mediterranei 4 1 clique

Figure 2. Same Species Plot - Species table

Selecting in the Species table under “Number of Genomes” for a species links to the
“Genomes for Species” page (Fig. 2b). Selecting “Number of Cliques” for a species links
to the “Cliques for Species” page (Fig. 2c).



Genomes for Species
Genus Species: Acidiplasma aeolicum
Taxonomy: Archaea;Euryarchaeota; Thermoplasmata; Thermoplasmatales: Ferroplasmaceae; Acidiplasma
Filter column: | Clique 1D v| Filter[text v | [ Apety | @
Page Lof 1 1 [an v
Column Selector | | Select Page || Deselect Page
Select  Genome ID Genome Name Cliq_ue D a
2681813050 = Acidiplasma aeolicum V' 1340
2651869795  Acidiplasma aeolicum VT 1340
2596583664 = Acidiplasma aeolicum V 10059
Pagelofl <i rev 1 ne (A v]
Add Selected to Genome Cart Select All Clear All

Figure 2b. Genomes for Species

Cligues for Species

Genus Species: Acidiplasma aeolicum
Taxonomy: Archaea;Euryarchaeota; Thermoplasmata; Thermoplasmatales; Ferroplasmaceae; Acidiplasma

Filter column: | Clique 1D v | Filter|text ¥ [ | Apely | 7]
Page l1ofl first plk t All |
Column Selector
Genome Count

Cligue ID ~  Clique Type Acidiplasma aealicum only
1340 clique 2

10059 singleton at

Page lofl first 1 i Al v

Figure 2c. Cliques for Species



ANI Same Species Plot

Cl The plot can be repositioned using mouse-drag and zoomed using mouse-wheel.
Click on a dat for options to add component genomes to cart.
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Figure 2d. Same Species Plot

Each dot in the Same Species Plot represents the final ANI vs. final AF for a genome
pair present in a given species. Selecting a dot will bring up a dialog box with a table to
which the 2 genomes represented in the dot will be added. These genomes can then be
reviewed and added to a genome cart.



ANI Cliques

ANI Cliques

|| by Species || by Taxonomy || Clique Groups |

) (Aol | @
Page 1 of 177 t<prev 1[2[2[/4][s]6]z]/8] 2] 10] next> ast>> [100 2|
Column Selector

Clique ID =«  Clique Type Intra-Clique: ANI Intra-Clique AF Contributing Species Genome Count

Filter column: | Clique ID v | Filter [text v

Pseudomonas aeruginosa,
Pseudomonas otitidis, Pseudomonas
putida, Pseudomonas sp. 2_1_26,
Pseudomonas sp. HMSCO5HO2,
Pseudomonas sp. P179,
Pseudomonas sp. YS-1p

Achromobacter sp. ATCC35328,
Escherichia coli, Escherichia
fergusonii, Escherichia sp.
3_2_53FAA, Escherichia sp.

4 1 40B, Escherichia sp. KTE172,
Escherichia sp. TW10509,
Escherichia sp. TW15838, Shigella
boydii, Shigella dysenteriae, Shigella
flexneri, Shigella sonnei, Shigella sp.
PAMC 28760, Shigella sp. SF-2015

1 cligue-group 99.16 0.913 493

2 clique-group 97.89 0.823 3289

lea

clique-group 98.89 0.908  Salmonella enterica 1656

I

clique-group 98.9 0.929  Staphylococcus aureus 4828

len

clique-group 99.27 0.888  Streptococcus agalactiae 484

(=]

clique-group 98.57 0.869  Streptococcus pneumoniae 623

Acinetobacter baumannii,
Acinetobacter isolate CAL,
Acinetobacter isolate CA2,
) Acinetobacter isolate CA3,
T cligue-group 98.38 0.866 R T 1024
Acinetobacter isolate CAS,
Acinetobacter nosocomialis,
Acinetobacter sp. NCTC 10304

Figure 3. ANI Cliques - by clique ID

Clicking on the clique id in the All Cliques tab will link to the details page for that clique
(Fig. 4).



ANI Cliques
| Al Cliques .::. byTaxonomym_:“Clique Groups .:

Filter column: | Domain '-i Filter | text ¥ |:

(B0 | page 101123 vev 1 [2][E][2][E]E]Z
Column Selector

1 Aealy | @

8/ 9| 10| next> last=> [100 v|

Represented
Dol Species Number of Genomes Clique Type(s)
A Acidianus hospitalis 5 ! 1 singleton
A Acidilobus saccharovorans ) 1 singleton
A Acidilobus sulfurireducens sp. nowv. ) 1 singleton
A Acidiplasma aeolicum 3 2 | clique, singleton
A Acidiplasma cupricumulans 4 1 | clique
A Acidiplasma sp. MBA-1 1) 1 | clique
A Aciduliprofundum boonei ) 1 singleton
A Aciduliprofundum sp. MAROB-339 1) 1 singleton
A Aeropyrum camini 4 1 singleton
A Archaeoglobus archaean SCGC AC-334-A09 ) 1 singleton
A Archaeoglobus fulgidus 3 1 | clique
A Archaeoglobus sulfaticallidus ) 1 singleton
A Archaeoglobus veneficus ) 1 singleton
A Archeaon Loki ) 1 singleton
A Caldisphaera lagunensis 4 1 singleton
A Caldivirga maquilingensis 1) 1 singleton
A Candidatus Acidianus copahuensis ) 1 singleton
A Candidatus Caldiarchasum subterraneum 2 2 singleton
A Candidatus Halobaculum G22 ) 1 singleton

Figure 3b. ANI Cliques by Species




ANI Cligues

All Cliques || by Species ||

Cligque Groups

Q : The leaf nodes display Genus Species followed by the count of cligues for that genus-species
Sequencing Status Domain
 Finished

¥ ||Archaea ¥ || Show

Expand All | | Collapse All
—-[|Archaea
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: -[Candidatus Korarchaeota
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Figure 3c. ANI Cliques by Taxonomy

The leaf nodes in the Taxonomy tree display the Genus Species followed by the count
of cliques for that genus-species. Clicking on the count links to the Genus Species detail

page. The first tab of this page lists the cliques for this Species (Fig. 3d), while the
second tab lists the genomes in that Species (Fig. 3f).




Species Detalil

Genus Species: Methanococcus maripaludis
Taxonomy: Archaea;Euryarchaeota; Methanococci; Methanococcales; Methanococcaceae; Methanococcus

Sequence Status: Finished
Cliques Tut-Spet_:ﬁés Genomes for Species |

Filter column: | Clique ID v| Filter [text v

Page 1ofl t<prev 1 [an v
Column Selector
Genome Count

Cligue ID = Clique Type Methanococcus maripaludis only

| [ Apety | @

2548 clique 2
2ZI57 singleton 1
2805 singleton 1
2841 singleton 1

Pa.gelofl t<prev 1 [an v

Figure 3d. Genus Species Detail page - Cliques for Species

Species Detail

Genus Species: Methanococcus maripaludis
Taxonomy: Archaea;Euryarchaeota; Methanococci; Methanococcales: Methanococcaceae; Methanococcus

Sequence Status: Finished

| Cliques for Species |8

Filter column: | Clique ID v| Filter [text v : [ Aoty | @

Pagelofl first 1 | Al v

Column Selector | Select Page || Deselect Page |
Select  Genome ID Genome Name Cligue ID ~
2563366543 = Methanococcus maripaludis S2 2548
2511231109 = Methanococcus maripaludis X1 2548
640069316 = Methanococcus maripaludis C5 2757
640753035 = Methanococcus maripaludis C7 2805
641228496 = Methanococcus maripaludis C6 2841
Pagelofl <<¢ 1 ne [an v

Add Selected to Genome Cart | Select All | Clear All |

Figure 3f. Genus Species Detail page - Genomes for Species



ANI Cliques

All Cliques | by Species || by Taxonomy ||

C) Click on a clique group to get detailed information about that group
* Any two genomes in a clique group will be connected by an edge in the graph if they have
an ANl >= 96.5 and an AF >= 0.6

Figure 3g. ANI Cliques - Clique Groups
Any two genomes in a clique group will be connected by an edge in the graph if they

have an ANI >= 96.5 and an AF >= 0.6. Clicking on the clique graph representation links
to details page for that clique group (Fig. 4).

Clique Details

Clique Details

Clique 1D: 21

| Genomes in Clique || Similar Cliques | Group

Clique Information

Clique ID 21

Clique Type clique-group
Intra-Clique ANI 97.51
Intra-Clique AF 0.733

Total Genomes 6

Figure 4. Clique Details - Overview




Cligue Details
Cligue 1D: 21
[ overview || (e e L | similar Cliques || Group |
Filter column: [ Genome ID v | Filter [text v |: | | [[Aeoy | @
Page 1 of1 1 (a1 v
Column Selector | Select Page || Deselect Page |
Select  Genome ID ~ Genome Name Species Domain
2513237290  Rhodococcus imtechensis RKJ300 Rhodococcus imtechensis B
2519899585  Rhodococcus opacus M213 Rhodococcus opacus B
2537561590  Rhodococcus wratislaviensis IFP 2016 =~ Rhodococcus wratislaviensis | B
2547132199  Rhodococcus opacus PDE30 Rhodococcus opacus B
2576861435  Rhodococcus opacus PDE30 Rhodococcus opacus B
2645727767  Rhodococcus jostii 8 Rhodococcus josti B
Page 1of 1 1 [an v
Add Selected to Genome Cart | Select All | Clear All | Pairwise ANI
Figure 4b. Clique Details - Genomes in Clique
Cligue Details
Cligque ID: 21
| overview Genomes in Ciique“ Similar Cliques '.-Gruup |
Note: Similar cliques have gANI == 90 with the cumrent clique.
Filter column: | Cligue ID v| Filter[text v || (Aol | @
Page 1 of 1 1 Al v
Column Selector
Average Identity | Average Gene Content Similarity
Clique Type with Clique 21 with Clique 21 Contributing Species
2 Rhodococcus josti, Rhodococous sp.
310 Lo S03 0690 | py17, Rhodococcus sp. JVHL
843 clique 0473 0.698 Rhm_jocufccus_; opacus, Rhodococcus
wratislaviensis
Page 1 0f 1 1 Al v

Figure 4c. Clique Details - Similar Cliques




Clique Details

Clique 1D: 21

Overview | Genomes in Cligue | Similar Cliques

{ E Any two genomes in a cligue group will be connected by an edge in the graph if they have
* an ANI >= 96.5 and an AF >= 0.6

Figure 4d. Clique Details - Clique Group
Genome Detail Page

ANI information for a particular genome can be found on the genome detail page,
located to the right of Genome Statistics.

Genome Statistics

T ]
Q | To view rows that are zero, go to MyIMG preferences
~ ' and set "Hide Zeroes in Genome Statistics" to "No".

Average Nucleotide Identity (ANI)
Number % of Total
Species: Clostridium pasteurianum

DNA, total number of bases 4420100 100.00% Total genomes of this same species: 16
DMNA coding number of bases 3678078 83.21% This species is present in 1 cliques
DNA G+C number of bases 1327355 | 30.03% ! I
¢ Jl Click on a cligue ID to view genomes in that cligue, as well as a list of similar cliques.
DNA scaffolds 12| 100.00%
CRISPR Count 4 ‘ Clique ID  Cligue Type Contributing Species Genome Count
‘ 2416 clique Clostridium pasteurianum B
Genes total number 4090 |  100.00%
Protein coding genes 4047 98.9500
RNA genes 43 1.05%%
rRNA genes 43 1.05%
55 rRNA 14 0.34%
165 rRNA 14 0.34%
235 rRNA 15 0.37%
Protein coding genes with function prediction 3165 T7.38%
without function prediction 882 21.56%
Protein coding genes with enzymes 1044 25.53%
wio enzymes but with candidate KO based enzymes B 0.150
Protein coding genes connected to KEGG pathways® 1120 27.38%

Figure 5. Genome Detail - ANI



